Efficiency of Alfalfa Hay Mowing Machines under the Dryland Conditions by Stanisavljević, Rade et al.
Tehnički vjesnik 28, 5(2021), 1503-1510               1503 
ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)                        https://doi.org/10.17559/TV-20200720092823 
Original scientific paper 
 
 
Efficiency of Alfalfa Hay Mowing Machines under the Dryland Conditions 
 
Rade STANISAVLJEVIĆ, Aleksandar VUKOVIĆ, Dragan V. PETROVIĆ, Rade L. RADOJEVIĆ, Saša BARAĆ,  
Zoran MILEUSNIĆ, Vjekoslav TADIĆ* 
 
Abstract: This paper presents the tests results of three types of hay mowing machines (later in text: mowers), namely a self-propelled oscillatory mower-conditioner and two 
tractor-mounted mowers with oscillatory and rotary blades, used to mow alfalfa grown under dry land conditions in the region of central Serbia during three seasons in 2014, 
2015 and 2016. Although characterized by older design, they are still commonly used at smaller and medium size farms in this region. Therefore, their optimal exploitation 
parameters are still of large importance for hay quality and production efficiency and sustainability. The exploitation parameters of all three mowers generally increased 
linearly with higher speeds, having high R2 values (over 0,8), with rare exceptions. The regression coefficients b clearly showed that the self-propelled mower-conditioner 
achieved maximum increase in production performance (b = 0,3606), compared with the oscillatory (b = 0,1158) and rotary mowers (b = 0,1414). Mower design had a 
significant (p ≤ 0,001) effect on cutting and chopping losses, production performance, and specific fuel consumption (p ≤ 0,05). The tests confirmed the superiority of the 
self-propelled mower over the two mowers aggregated with tractors. 
 





Contemporary livestock forage production is an 
important sector of agriculture [1]. Highly intensive 
development of sophisticated grassland husbandry 
systems, based on legume growing, can be achieved by a 
more intensive use of legumes, which can make them a 
substantially important ruminant crop in the future [2]. 
Currently, the world production of alfalfa covers 33 106 
hectares of arable land. In Serbia, this crop is grown at 103 
366 ha, at an average hay yield of 5,0 t⸱ha−1 [3]. It 
represents a suitable fresh crop source for the preparation 
of hay, haylage, silage, etc. Bearing in mind this practice, 
this paper focuses on the analysis of hay mowing efficiency 
of alfalfa under dryland conditions.  
Mowing height represents an important parameter that 
can strongly influence harvested yield and forage nutritive 
quality [4]. Belesky and Fedders [5] found that alfalfa 
mowed at 10 cm above the ground surface decreased the 
yield for up to 38% with respect to the yield collected from 
alfalfa crop mowed at 5 cm. Their conclusion was 
confirmed by [6] who also noted that alfalfa mowing at 
higher heights increases further weed growth and 
competition for growing space, sunlight, water, minerals, 
fertilizers if applied, etc. in subsequent alfalfa growths. The 
final consequence of this competition is manifested 
through a more rapid reduction in alfalfa plant size with 
respect to low height mowing. However, according to the 
same authors, in addition to higher yield, low cutting height 
provides lower quality feed.  
Therefore, alfalfa mowing height should be carefully 
chosen to meet the current market and environmental 
conditions. However, there are many other parameters 
influencing alfalfa yield and quality, including cutting 
schedule. Compared to the moderate cutting schedules, 7 
or 8 cuts applied in the flatlands, or a standard 3 or 4 cuts 
used in the intermountain regions, a more profitable 
schedule is strongly  related to market conditions. Literally, 
when crop prices are low, the yield is favoured, but when 
market prices are high, the quality becomes the focal point 
as well. Optimally, farmer mowing schedule should be 
adapted to meet the current market conditions [7].  
Following Milić et al. [8], the three-, four- and five-cut 
production systems in dryland conditions, and the five-cut 
system for irrigated systems, are most obviously used in 
Serbia. If the three-cut system is applied, mowing is 
performed in the bud phase of alfalfa growth within the 
interval of about 60 days, generally between May and the 
end of September or later. This type of growing is 
extensive, using the forage potential only partially, 
resulting in lower quality but prolongs lifetime of the crops. 
Mowers should satisfy requirements of universality of 
application, the quality and accuracy of stem cutting with 
the lowest possible losses of green mass, high production 
output and fuel economy. Mowing operation is very 
important for obtaining alfalfa fodder of appropriate 
quality and should be performed within the optimal period 
to produce a high-quality forage [9]. According to [10], this 
interval lasts only 35 days. Hosseini and Shamsi [11], 
reported that optimal energy consumption and 
performance are of substantial importance in agricultural 
technology. Mowing operation consumes a substantial 
amount of energy and influences the forage quality, 
demanding harmonization of mowers design, working 
parameters, crop selection, etc. Along the same lines [12], 
recommended mowing height ranging between 3 and 4 
inches (7,6 cm and 10,2 cm) and the manipulation of 
mowed alfalfa until it reaches 50% humidity using rotary 
spreaders. The treatment of the alfalfa mass having a lower 
percentage of moisture may result in substantial leaf mass 
losses. Wiersma and Wiederholt [13] noted that alfalfa 
should be mowed to the optimal height of 2 inches (5,1 
cm), which may vary between 1 and 4 inches (2,5 cm and 
10,2 cm) depending on the specified sequence of alfalfa 
mowing.  
All modern mowers are based on two basic types of 
cutting mechanisms: cutter bar (oscillatory) and rotary 
(disk or drum). Rotary mowers generally demand more 
power and fuel for operation [14] and their price is higher 
for a specified cut width, but their mowing capacity is 
higher, equalling the total mowing cost for both major 
types of grassland mowers [15]. According to [14], fuel 
and power requirements were significantly higher for the 
rotary drum mower.  
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Based on tests of a rotary mower with drums, [16] 
reported that the losses due to cutting height reached 
2,65%, while the chopping losses decreased with higher 
working speeds, from 1,06% to 0,82%. During 
comprehensive testing of an oscillatory mower with a 
conventional cutting apparatus and a two-drum rotary 
mower, [17] found that the average cutting height of the 
stems amounted to 6,32 cm when the oscillatory mower 
was applied and 9,53 cm in the case of the rotary mower. 
The average total operating losses caused by the oscillatory 
mower amounted to 1,31% of the yield and 3,25% by the 
rotary mower. Potkonjak et al. [18] reported that the 
oscillatory mower achieved a maximum speed of 8,82 
km/h during testing, but with highly increased losses - the 
specific total mowing losses of the green mass amounted 
to 1,27% of the yield, with a maximum productivity of 1,06 
ha/h.  
 
2 MATERIALS AND METHOD 
 
This study focuses on an important stage of alfalfa hay 
preparation in the central Serbia region, which is most 
commonly performed by oscillatory and rotary mowers 
aggregated with tractors. They are generally characterized 
by low output and high specific fuel consumption. The 
objective of the present study was to provide additional 
information on the optimal choice of mowers and their 
working parameters for alfalfa grown under dryland 
conditions in the region of central Serbia. 
 
2.1  Plant Materials, Climate Conditions and Location  
 
The mowers were tested during the mowing of alfalfa 
NS Median ZMS V medium-early matured crop variety. 
Fast growth and high regeneration power of this variety 
allows its frequent mowing, up to 4 or maximum 5 cuts per 
year [19]. 
The experiment was performed in Kruševac (a sub-
region in Central Serbia - 43°33'33'' N; 21°12'53'' E), 
during the three seasons: 2014, 2015 and 2016. Bearing in 
mind that the first cut is the most important, the tests were 
focused on mowing in the early flowering stage, in the first 
cut in late May. The alfalfa plants were in the fourth (2014), 
fifth (2015) and sixth season (2016) of three-cuts growing 
system without irrigation - the so-called dryland 
conditions. 
 
2.2  Experimental Setup 
 
Three different types of mowing machines were tested 
in this study. In the remainder of this paper, they are 
referred to as mowers A, B, and C: A - a self-propelled 
oscillatory mower-conditioner; B - an oscillatory mower 
with cutter bar, and C - a rotary mower with drums.  
The self-propelled mower-conditioner A is powered by 
a 75 kW four-stroke diesel engine. The mowing device is 
based on an oscillating mower with a classic cutting 
apparatus with a working width of 4,27 m. The crushing 
device contains two steel grate rollers, the upper positioned 
slightly forward with respect to the lower roller. The 
mowed green mass passes between them, forming a thin 
layer. In this way, a uniform breaking and slight crushing 
of green mass can be achieved, enabling uniform drying of 
the plant (crop) green mass. The mower B is a tractor rear 
mounted oscillatory mower with a classic cutting 
apparatus, with a working width of 1,53 m. The third 
mower, tractor rear mounted rotary mower with drums C, 
was equipped with two drums, each having three blades 
allowing the blade rotation speed between 60 m/s and 80 
m/s, with a working width of 1,65 m. The oscillatory 
mower was aggregated with a 29 kW 42 tractor, while the 
rotary mower was powered by a 42,6 kW 42 tractor.  
 
2.3  Plant Biomass Measurement  
 
Within the limitations of the extensive alfalfa growing 
conditions, the average yield during the first experimental 
year and the first cut amounted to 3,7 t⸱ha−1 and about 3,5 
t⸱ha−1 in the second and third year of experimental work. 
The yield of green mass was determined within three 
probes each having three repetitions of alfalfa mass 
collected from one square meter of the experimental plot, 
and then recalculated per area of one hectare [4, 20]. All 
mass samples were measured using the analytical 
electronic scale Mettler Toledo JS1603C. 
 
2.4  Exploitation Parameters 
 
The working parameters of the mowers tested were 
measured within three probes (each having three 
repetitions). The working speed was determined for each 
mower using the standard chronometric method - 
measuring the time interval of machine travelling along the 
500 m long experimental trace. The length of trace was 
measured using a laser distance meter PCE LDM 50, while 
the chronometry was based on a digital chronometer TFA 
Dostmann Triple Time XL-Digitaler 3-fach Timer [20]. 
Fuel consumption was measured using the volumetric  
method, the so called "top-up" method [21] and verified 
using the fuel ultrasonic flow meter PCE-TDS 100HS [20]. 
The performance of the mowers tested was evaluated 
on the basis of the effective working swath, the cutting 
heights of the alfalfa stems and mowing losses, assuming 
the optimal cutting height for alfalfa crop of 6 cm. Wiersma 
and Wiederholt [13] reported that cutting heights influence 
nutritional quality of alfalfa hay – minimum allowed 
cutting height is 2 inches (5,1 cm). Some researchers, such 
as [12], recommended a minimum value of 3-4 inches (7,6 
cm and 10,2 cm), while [22] accepted the value of 7 cm. 
The average cutting heights of alfalfa stems were 
evidenced at the site by direct measurement over the 
corresponding rectangular control surfaces, for each test 
having 3 repetitions [4]. The average values of each sample 
collected were determined based on these experimental 
data. Mowing losses were evaluated following widely 
accepted protocols defined by [4] as well as [23]. They 
were measured over the surface defined by the adequate 
swath width of each mower tested, being one meter long, 
using an appropriate rectangular frame.  
The effective (realized) swath widths were determined 
by a direct measurement, while the coefficients βi (i =1, 2, 
3) of the swath width utilization efficiencies were 
calculated as the ratio of the nominal and effective 
(realized) swath widths. The productivity (Wpr) of the 
mowers was calculated using the equation:  
 
Rade STANISAVLJEVIĆ et al.: Efficiency of Alfalfa Hay Mowing Machines under the Dryland Conditions 
Tehnički vjesnik 28, 5(2021), 1503-1510               1505 
pr pr0,1 , ha/hW v S T                                 (1) 
 
where: v is the constant working speed defined in the 
experimental plan, km/h; S is the effective swath width, m; 
β is the coefficient of swath width exploitation; Tpr is 
coefficient of working time utilization. 
 
2.5  Statistical Analysis 
 
The obtained experimental data were processed using 
the freeware software package R-Statistics, [24]. 
Following the common practice in the scientific areas of 
this kind, the normal (Gaussian) distribution of statistical 
variables was assumed (see [25], among others, for 
illustration. The analysis of variance (F test) was 
performed for two factorial experiment based on the 
experimental year as the first factor and the mower type as 
the second [26]. Using experimental data based on three 
repetitions of each measurement, Tukey's multiple range 
test and coefficient of variation were used to measure the 
effects of the treatments. The effect of mower working 
speed on alfalfa cutting height, losses, specific fuel 
consumption, and productivity were analysed using the 
linear regression model [26].  
 
3  RESULTS 
 
The analysis of variance (F-test) for two factorial 
experiments (factors: seasons and mowers) demonstrated 
that the season (i.e., more precisely, the experimental 
season), as well as the interaction "season × mower type", 
had no statistically significant effect on the parameters 
tested (p ≥ 0,05), Tab. 1. On the other hand, the mower type 
tested had a statistically significant (p ≤ 0,001) effect on 
achieved working swath (S), the working speed of mower 
(v), losses due to cutting height (Lcut), chopping losses 
(Lchop), and productivity (Wpr), as well as on the cutting 
height (Hcut) (p ≤ 0,01), and specific fuel consumption (Fsc) 
(p ≤ 0,05), Tab. 1.  
Experimental results of the three mowers test are 
presented and summarized in Tab. 2. In addition to the 
original data, the mean ± standard deviation values are also 
presented for each type of mowers. The coefficients of 
variance are also given. Using acquired experimental data 
based on three repetitions of each measurement, Tukey's 
multiple range test and coefficient of variation were used 
to evaluate the effects of the treatments.  
According to experimental results, the mower A 
achieved significantly (p ≤ 0,05) higher values of Hcut, Lcut, 
Tpr and Wpr, for each experimental season compared to the 
two mowers (B and C). The values of β, achieved by the 
mower A, were also significantly higher (p ≤ 0,05) in 
comparison to the mower B for all three experimental 
seasons and the mower C for one season only. The 
statistically significant difference of β values between the 
mowers A and C was not found in other two seasons (p > 
0,05), as it is presented in the Tab. 2. The mower C 
achieved significantly (p ≤ 0,05) higher value for v, Lchop 
than the mowers A and B. Regarding Fsc, the mower C was 
characterized by significantly (p ≤ 0,05) higher values than 
the mower A in all three seasons and the mower B in one 
season only. For the remaining two experimental seasons, 
no statistically significant difference was found between 
the mowers C and B, as it can be seen in Tab. 2.  
 
Table 1 Analysis of variance (ANOVA) for the hay mowing machines (A) and vegetation season (B) 
Factor/Property df S / m β Hcut / cm v / km/h Lcut / % Lchop / % Tpr Wpr / ha/h Fsc / L/ha 
Mower type - A 2 *** n.s. ** *** *** *** n.s. *** * 
Season - B 4 n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
Interaction A × B 4 n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
F test statistical significance levels: *p ≤ 0,05; **p ≤ 0,01; ***p ≤ 0,001; n.s. - not significant (p ≥ 0,05) 
 
Maximum value of the coefficient of swath width 
exploitation (β) of 0,96 (Tab. 2) was achieved by the self-
propelled mower-conditioner A, during the first (S = 4,11 
m) and the second experimental season (S = 4,08 m). The 
minimum value of 0,90 (S = 1,39 m) was evidenced during 
the testing of oscillatory mower B, in the third experimental 
season (Tab. 2). In addition to the values of β, Tab. 2 also 
summarizes a wide variety of other results of mower 
testing, illustrating the quality of their work. 
It is recognized worldwide that the working speed of a 
mower applied affects not only the mowing process, but 
also the quality of final product (hay, haylage), production 
economy and sustainability, etc. [4, 27, 28]. Therefore, the 
experimental data obtained were processed using the linear 
regression method to shed light on the relationships 
between working parameters of the mowers tested and their 
working speeds. Output results are listed in Tab. 2 and 
illustrated in Figs. 1 to 6. 
As it can be seen in Tab. 2 and Fig. 1, the mower 
working speed influences the cutting height of alfalfa stem. 
During the testing of a rotary mower with drums, [16] 
revealed that the smallest cutting height of 5,15 cm was 
achieved at a working speed of 5,89 km/h, while the 
maximum height of 6,50 cm was achieved at a mower 
speed of 9,29 km/h. 
 
 
Figure 1 Cutting height Hcut vs. mower working speed v 
  
The tests results presented in this study demonstrate 
that the highest cutting height of 8,3 cm was achieved by 
the self-propelled mower-conditioner A during the third 
experimental season at a working speed of 9,73 km/h. The 
rotary mower with drum C achieved the minimum cut-off 
height of 5,1 cm in the first experimental season, at a 
HcutA = 0.1543∙v + 6.7874.
R² = 0.8504
HcutB = 0.4064∙v + 3.7081.
R² = 0.99
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working speed of 8,17 km/h. The results of this study are 
in line with the previous findings [13, 22]. Additionally, 
Fig. 1 clearly shows that the height of the alfalfa stem 
cutting increased linearly with an increase in the working 
speed. This increase was most exposed in the case of the 
mower C (regression slope coefficient was b = 0,462) and 
least for the mower A – b = 0,1543, which is therefore far 
preferable in this respect. The numerical values of the R2 
factor indicate a strong dependence for the mower A (R2 = 
0,8504) and very strong for the mowers B (R2 = 0,99) and 
C (R2 = 0,9961).  
The losses resulting from an inadequate cutting height 
of the alfalfa stem (Lcut) are presented in Tab. 2 and Fig. 2. 
The cutting losses are a direct consequence of inadequate 
cutting of alfalfa stems, that is, inappropriate cutting height 
(Hcut) which is different from the optimal. Bearing in mind 
that the cutting height increased linearly as the working 
speed (v) of all three mowers (A, B and C) increased, the 
analogue situation was expected and evidenced in the case 
of cutting losses.  
 
 
Figure 2 Alfalfa mowing losses due to cutting height Lcut vs. mower working 
speed v
 
Table 2 Experimental results for the main research parameters  
Param. Mower 
Season I. Season II. Season III. 
Repetition X ± σ Repetition X ± σ Repetition X ± σ 
1 2 3 CV / % 1 2 3 CV / % 1 2 3 CV / % 
Yield - 3,65 3,80 3,65 - 3,40 3,55 3,55 - 3,50 3,45 3,55 - 
h / cm - 79,0 82,0 78,0 - 78,0 76,0 72,0 - 74,0 68,0 77,0 - 
v 
/ km/h 
A 4,76 6,82 9,44 7,01 ± 2,34b 4,87 7,02 9,57 7,15  ±  2,23b 4,9 7,10 9,73 7,26 ± 2,38b 
B 3,68 5,16 8,03 5,62 ± 2,21c 3,76 5,21 8,25 5,74 ± 2,29c 3,91 5,86 8,94 5,90 ± 2,42c 
C 8,17 9,48 10,16 9,27 ± 1,01a 8,38 9,62 10,38 9,46 ± 1,31a 8,5 9,78 10,57 9,62 ± 1,09a 
CV / % - - - 25,24 - - - 25,21 - - - 24,79 
Hcut 
/ cm 
A 7,37 7,88 8,05 7,77 ± 1,25a 7,48 8,06 8,25 7,93 ± 0,99a 7,54 8,08 8,29 7,97 ± 0,89a 
B 5,20 5,79 7,02 6,00 ± 1,46b 5,28 5,87 7,17 6,11 ± 1,13b 5,32 5,91 7,27 6,17 ± 1,02b 
C 5,08 5,69 6,06 5,61 ± 1,02c 5,21 5,74 6,13 5,69 ± 0,11c 5,29 5,87 6,19 5,78 ± 0,91c 
CV / % - - - 17,82 - - - 18,10 - - - 17,59 
β  
A 0,99 0,95 0,94 0,96 ± 0,25a 0,97 0,96 0,94 0,96 ± 0,28a 0,96 0,95 0,94 0,95 ± 0,21a 
B 0,96 0,94 0,91 0,94 ± 0,31c 0,95 0,92 0,90 0,92 ± 0,31b 0,93 0,90 0,87 0,90 ± 0,33b 
C 0,96 0,94 0,93 0,95 ± 0,41b 0,96 0,94 0,92 0,94 ± 0,38ab 0,94 0,93 0,91 0,92 ± 0,29ab 
CV / % - - - 1,05 - - - 2,12 - - - 2,72 
Lcut 
/ % 
A 1,02 1,21 1,28 1,17 ± 0,78a 0,36 0,28 0,25 0,30 ± 0,77b 0,37 0,26 0,26 0,30 ± 1,02b 
B 0,49 0,64 1,12 0,75 ± 0,69c 0,41 0,37 0,32 0,37 ± 0,81b 0,44 0,4 0,29 0,38 ± 0,98b 
C 0,91 1,12 1,29 1,11 ± 0,81b 2,16 1,72 1,63 1,84 ± 0,79a 2,10 1,66 1,59 1,78 ± 0,79a 
CV / % - - - 22,49 - - - 21,12 - - - 21,73 
Lchop 
/ % 
A 0,33 0,26 0,24 0,28 ± 0,99b 0,36 0,28 0,25 0,30 ± 0,77b 0,37 0,26 0,26 0,30 ± 1,02b 
B 0,38 0,34 0,29 0,34 ± 1,06b 0,41 0,37 0,32 0,37 ± 0,81b 0,44 0,4 0,29 0,38 ± 0,98b 
C 2,11 1,68 1,57 1,79 ± 0,89a 2,16 1,72 1,63 1,84 ± 0,79a 2,10 1,66 1,59 1,78 ± 0,79a 
CV / % - - - 106,40 - - - 103,90 - - - 101,50 
Tpr 
 
A 0,86 0,87 0,89 0,88 ± 0,12a 0,86 0,88 0,90 0,88 ± 0,16a 0,87 0,88 0,90 0,88 ± 0,12a 
B 0,82 0,84 0,86 0,84 ± 0,21b 0,83 0,85 0,85 0,84 ± 0,12b 0,83 0,84 0,86 0,84 ± 0,19b 
C 0,82 0,85 0,87 0,85 ± 0,31b 0,83 0,85 0,87 0,85 ± 0,12b 0,83 0,84 0,88 0,85 ± 0,31b 
CV / % - - - 2,44 - - - 2,43 - - - 2,42 
Wpr 
/ ha/h 
A 1,72 2,41 3,36 2,50 ± 0,10a 1,73 2,52 3,46 2,57 ± 0,16a 1,77 2,53 3,50 2,59 ± 0,21a 
B 0,44 0,62 0,97 0,68 ± 0,21c 0,45 0,62 0,97 0,68 ± 0,12c 0,46 0,68 1,03 0,69 ± 0,18c 
C 1,06 1,25 1,36 1,23 ± 0,18b 1,10 1,27 1,37 1,25 ± 0,23b 1,10 1,27 1,40 1,26 ± 0,21b 
CV / % - - - 63,50 - - - 64,63 - - - 64,43 
Fsc 
/ L/ha 
A 2,81 2,15 2,07 2,29 ± 0,40b 2,69 2,23 2,08 2,29 ± 0,38b 2,63 2,26 2,06 2,27 ± 0,41b 
B 2,95 2,44 2,3 2,51 ± 0,48ab 3,08 2,18 2,18 2,37 ± 0,51ab 2,98 2,22 2,18 2,38 ± 0,43b 
C 2,93 2,77 2,63 2,76 ± 0,31a 2,99 2,75 2,64 2,77 ± 0,47a 3,03 2,75 2,66 2,80 ± 0,51a 
CV / % - - - 9,33 - - - 10,38 - - - 11,26 
v - working speed; Hcut - cutting height; β - coefficient of swath width exploitation; Lcut - cutting losses; Lchop - chopping losses; Fsc - specific fuel consumption; Tpr - coefficient 
of working time utilization; Wpr - productivity; A - self-propelled oscillatory mower-conditioner; B - oscillatory mower with cutter bar; C - rotary mower with drums . 
 
The first mower, type A, was the least sensitive to the 
working speed (the regression slope coefficient was b = 
0,0411), while the most sensitive to the speed variations 
was the mower C (b = 0,185). Similar to cutting height, this 
dependence was strong for the self-propelled mower with 
conditioner A (R2 = 0,8218) and very strong for the mowers 
B (R2 = 0,9753) and C (R2 = 0,9925). The highest value of 
losses (Lcut) due to cutting height amounted to 1,35% of the 
yield, when operating the rotary mower with drums C in 
the third experimental season at a speed of 10,57 km/h, and 
a minimum of 0,49% when operating the oscillatory 
mower B in the first season at a speed of 3,68 km/h.  
The highest chopping losses (Lchop) were evidenced 
during the testing of the rotary mower with drums C in the 
second experimental year (2,16%) at a working speed of 
8,38 km/h, while they were lowest when testing the self-
propelled mower-conditioner A in the first experimental 
season (0,24%) at a speed of 9,44 km/h (Tab. 2 and Fig. 3). 
LcutA = 0.0411∙v + 0.8973.
R² = 0.8218
LcutB = 0.1398∙v - 0.0401.
R² = 0.9753
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Chopping losses decreased linearly for all three mowers 
with an increase in working speed – most rapidly for the 
mower C (regression slope coefficient b = −0,2619), while 
decreasing slope was smaller and nearly identical for the 
mowers aggregated with tractors B (b = −0,0225) and A (b 
= −0,021). This relationship was medium strong for the 
tested mowers A (R2 = 0,751) and B (R2 = 0,7502), and 
strong for the mower C (R2 = 0,9152).  
 
 
Figure 3 Mowing losses due to chopping Lchop vs. mower working speed v 
 
The value of the coefficient of production working 
time utilization (Tpr) is calculated from the ratio of 
technologically useful time (T1) and production time (T2):  
 
pr 1 2 1T T T                                                                   (2) 
 
Technologically useful time T1 is the time of 
performing mowing operation. In addition to 
technologically useful time, the production time T2 also 
includes the auxiliary time, lost due to any machine 
downtime. The highest value of this parameter (0,90) was 
evidenced during the testing of the self-propelled mower-
conditioner A in the second and third experimental season, 
while the minimum value (0,82) was evidenced during the 
testing of the mowers B and C in the first season (Fig. 4). 
This dependence was found to be very strong for the 
mower A (R2 = 0,918) and strong for the remaining two 
mowers (R2 = 0,8104 and 0,8952, for the mowers B and C, 
respectively). An increase in working time utilization 
coefficient with an increase in mower working speed was 
the highest for the mower C (b = 0,022), while for the other 
two mowers was smaller and approximately equal (b = 




Figure 4 Work time utilization coefficient Tpr vs. mover working speed v 
 
The maximum productivity of 3,50 ha/h was achieved 
when using the self-propelled mower-conditioner A in the 
third experimental season at a working speed of 9,73 km/h 
(Tab. 2, Fig. 5). The minimum value of 0,44 ha/h was 
achieved by the oscillatory mower B in the first 
experimental season, at a working speed of 3,68 km/h. 
Productivity increased with an increase in operating speed 
for all three mowers. Very strong dependence was found in 
all three cases (R2 > 0,99). The increase in productivity was 
the highest for the mower A (b = 0,3606) and much lower 
for the mowers B (b = 0,1159) and C (b = 0,1419). 
 
 
Figure 5 Productivity Wpr vs. mower working speed v 
 
 
Figure 6 Specific fuel consumption Fsc vs. mower working speed v 
 
The self-propelled mower-conditioner A achieved a 
minimum specific fuel consumption of 2,06 L/ha in the 
third experimental season at an average working speed of 
9,73 km/h, while a maximum specific consumption of 3,08 
L/ha was reached by the oscillatory mower B during the 
second year at an average working speed of 3,76 km/h 
(Tab. 2, Fig. 6). As illustrated in Fig. 6, specific fuel 
consumption decreases with an increase in working speeds 
of all three mowers. The regression slope coefficients bi (i 
= 1, 2, 3) were −0,1323, −0,1501, and −0,1615, and the R2 
factors achieved values of 0,8403, 0,6347 and 0,903 for the 
mowers A, B and C, respectively.  
 
4  DISCUSSION  
 
In the region of central Serbia, alfalfa is grown on the 
largest areas under dryland conditions without irrigation 
[29, 30]. In this system of alfalfa growing, the first cut is 
accompanied by the most favourable climatic conditions 
(air temperature, precipitation and water storage in the soil 
during winter and spring). In contrast, the second, third, 
and sometimes even the fourth cut are accompanied by 
high precipitation deficit [31]. Therefore, in the climatic 
LchopA = -0.021∙v + 0.4401.
R² = 0.751
LchopB = -0.0225∙v + 0.492.
R² = 0.7502
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R² = 0.918
TprB = 0.0061 v + 0.8064 .
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conditions of Serbia specified with Koppen Climate 
Classification [32], three, rarely four cuts are most 
commonly realized. The first crop obviously has a green 
mass yield of 47% to 51% or 7,94 t/ha of dry matter yield. 
On the other hand, alfalfa vegetation period was affected 
by a winter precipitation deficit and high rainfall in the 
middle of the year (which is generally rare). Consequently, 
the yield of green mass participated between 31 % and 32 
%, or 5,11 t/ha of dry matter in the first cut [33]. The 
rainfall and monthly temperatures distributions in Serbia 
are similar to those in Bulgaria [30]. However, the first cut 
in Greece occurs under less favourable rainfall-to-
temperature ratios [29]. Therefore, the participation of the 
first cut in the total yield of alfalfa is dominant, which 
motivated the authors of this study to focus on the analysis 
of the first cut. The analysis of variance revealed that the 
season factor had no significance as well as the interaction 
of season-machine factors. In contrast, the type of mower 
had statistically very significant dependence. 
An increase in the working speed of all machines 
caused an increase in the cutting height, as has been 
previously reported by other researchers [12, 22]. In this 
case, the lowest regression slope coefficient was observed 
for the mower A, and the highest for the mower C, 
indicating that the rotary mower is the highest sensitive 
machine with respect to working speed. The mower C 
achieved a cutting height of 6,2 cm at a speed of 10,57 
km/h, which is generally in line with the previous results 
[13, 22]. It should also be mentioned that the mowers A and 
B achieved this level of cutting height at speeds which were 
20-40% lower than the speeds of the mower C (Tab. 2).  
The cutting losses (Lcut) are directly related to 
deviations of the cutting height (Hcut) from the optimal. 
Bearing in mind that an increase in cutting height with 
higher working speeds (v) was evidenced for all three 
mowers, it was logical that the cutting losses would 
increase with higher working speeds. Fig. 2 clearly 
illustrates that the mower C was characterised with the 
smallest cutting losses, while the highest losses of this kind 
were evidenced for the mower type A. Measurements of 
chopping losses (Lchop) pointed out the disadvantage of the 
mower C, which had the highest losses, even up to about 6 
times higher when compared with the corresponding losses 
of the mower A (Fig. 3). Similar results have been reported 
by other researchers, [20]. This finding is a clear indicator 
of the drawback of rotary mowers in relation to standard 
oscillatory mowers.  
The productivity (Wpr) of the mower is directly 
proportional to the working speed (v), Fig. 5, and to the 
effective width of the working swath (S⸱β). The highest 
productivity of 3,50 ha/h was reached by the mower A, 
while the mowers B and C reached the maximum 
productivity of only 1,03 ha/h and 1,4 ha/h, respectively. 
This means that maximum productivity of mowers B and 
C was 3,4 and 2,5 times smaller (respectively) than that 
reached by the mower A.  
Fuel consumption per hectare, i.e. specific fuel 
consumption (Fsc) is inversely proportional to mower 
working speed (v) and productivity (Wpr). These results are 
in line with the previous results [14]. As presented in Tab. 
2 and Fig. 6, the mower C had the highest values of fuel 
consumption ranging between 2,63 L/ha and 3,03 L/ha, 
while the mowers A and B had lower but generally similar 
specific fuel consumption (between 2,06 and 3,08 L/ha). 
However, the R2 factor reached the highest value (0,903) 
for the regression line describing relationship Fsc = Fsc(v) 
of the mower C, indicating a very strong dependence (Fig. 
6). A weaker dependence was found for the mowers A and 
B (R2 factors were 0,8403 and 0,6347, respectively). With 
respect to Fsc = Fsc(v), the regression slope coefficients 
were similar for all mowers: −0,1323, −0,1501 and 
−0,1615, for machine A, B and C, respectively (Fig. 6).  
 
5  CONCLUSION 
 
This study is based on three-year comparison tests of a 
self-propelled mower - type A, a tractor propelled 
oscillatory mower with cutter bar - type B and a rotary 
mower with drums - type C aggregated with a tractor, used 
for alfalfa cultivated under dryland conditions in central 
Serbia, specified with Koppen Climate Classification [32]. 
It was observed that the proper choice of the mower type 
and design, as well as their working parameters, have 
strongly affected the productivity and efficiency of alfalfa 
hay preparation. The self-propelled mower A, achieved 
high average productivity value of 2,55 ha/h, much higher 
with respect to the other two types of mowers: B 0,68 ha/h, 
and C 1,27 ha/h. 
Specific fuel consumption, as an element of mower 
work economy and environment protection, was the 
smallest for the mower type A (2,28 L/h in average), 
followed by the mower B (2,42 L/h in average) and C (2,78 
L/h) in average. In addition, an increase in the working 
speed had the smallest reduction in fuel consumption in the 
case of mower A with regression coefficient b = −0,1323, 
which puts it in a less favourable position compared to the 
mower B (regression coefficient b = −0,1501), and in a 
much less favourable position in relation to the mower C 
characterized by the highest reduction in fuel consumption 
(regression coefficient b = −0,1615).  
Generally, the results of our comparative analysis 
confirmed the superiority of the self-propelled mower A 
over the mowers B and C; therefore, the widespread use of 
this type of mower in the mowing and storage process of 
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